J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(2) Publication number: 



0 435 173 A2 



® 



@ Application number: 90124955.7 
<§) Date of filing: 20.12.90 



EUROPEAN PATENT APPLICATION 

© intc|5:C08F 255/06, C08F 291/02 



<g) Priority: 27.12.89 JP 341453/89 


© Applicant: SUMITOMO CHEMICAL COMPANY, 




LIMITED 


® Date of publication of application: 


5-33, Kitahama 4-chome Chuo-ku 


03.07.91 Bulletin 91/27 


Osaka(JP) 


@ Designated Contracting States: 


@ Inventor: Imal, Akio 


DE ES FR GB IT NL 


17-10, Aobadai-3-chome 




lchihara-shi(JP) 




Inventor: Tsuji, Mftsuji 




9, Yushudainishi-1-chome 




lchlhara-shi(JP) 




Inventor: Sanada, Takashi 




135, Iriyamazu 




ichihara-shl(JP) 




Inventor: Yamamoto, Kelsaku 




3-14, Aobadai-5-chome 




lchihara-shi(JP) 




® Representative: Henkel, Feller, Hanzel & 




Partner 




Mohlstrasse 37 




W-8000 MUnchen 80(DE) 



< 

CO 



IT) 
CO 



@ Modified polymer rubber and process for preparing the same. 

@ A modified polymer rubber is obtained by 

(1) graft-polymerizing at least one grafting monomer to a shredded rubbery polymer (A) in an aqueous 
suspension at a temperature of 30* - 130" C to obtain a graft polymer, and 

(2) kneading the graft polymer with at least one polymerizable monomer in the presence of a free radical 
initiator at a temperature of 180* -280* C. This process does not cause gel formation and is advantageous in 
manufacturing cost. 

The modified polymer rubber thus obtained is excellent in processability and storage stability, and highly 
useful as a compatiblllzer for various resins. 
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MODIFIED POLYMER RUBBER AND PROCESS FOR PREPARING THE SAME 



The present invention relates to a modified polymer rubber modified with both an aromatic vinyl 
compound and an unsaturated carboxylic acid derivative, and a process for preparing the same. 

In more particular, it relates to a modified polymer rubber modified with both an aromatic vinyl 
compound and an unsaturated carboxylic acid derivative, which rubber is excellent in processability and 
5 storage stability and is useful as a compatibilizer for various resins. It also relates to an Improved process 
for preparing the modified polymer rubber, by which large amounts of both an aromatic vinyl compound 
and an unsaturated carboxylic acid derivative can be added to the rubber without gel formation during the 
processing. 

In recent years, attempts have been made aiming at improving the properties of a rubbery polymer. 
* 70 These attempts include for example, enhancing its affinity to inorganic fillers and thereby improving the 
strength of the molded rubber products or improving its tackiness, adhesiveness and oil resistance, by 
graft-copolymerizing a polymerizable monomer to Uie rubbery polymer. 

Recently, on the other hand, many attempts have been made to incorporate a rubbery polymer into a 
resin to improve the impact resistance of the resin. One of the known methods formed in such attempts 
75 comprises graft-copolymerizing a resin-formable monomer to the rubbery polymer and incorporating the 
graft-copolymerized polymer into a resin in order to improve the compatibility between the resin and the 
rubbery polymer and the impact resistance of the resin. 

For preparing a graft copolymer of the rubbery polymer, various processes have been already known. 

For example, the techniques of grafting to ethylene-propylene terpoiymer rubber (hereinafter sometimes 
20 abbreviated as EPM) or to ethylene-propylene-nonconjugated diene terpoiymer rubber (hereinafter some- 
times abbreviated as EPDM) may be briefly reviewed as follows. 

There has been proposed since long a process which comprises grafting a polar monomer (e.g. maleic 
anhydride) for improving the adhesive and mechanical properties of EPM or EPDM. 

For example, JP-B-58-53005, etc. disclose a process comprising grafting an unsaturated carboxylic acid 
25 or its anhydride to EPM in the presence of a free radical initiator in an alkylaromatic hydrocarbon medium. 

However, the process requires a recovery step in order to isolate the reaction product by introducing 
the reaction mixture into a large amount of acetone to precipitate the product or by steam stripping. So that 
it is necessary to employ a large amount of expensive solvent and a recovery equipment for the solvent. 
For these drawbacks, the process is disadvantageous from the viewpoints of economical efficiency and 
30 profittabillty on an industrial scale. 

To obviate the above-mentioned drawbacks, various processes have been disclosed which comprise 
grafting an unsaturated dicarboxylic acid anhydride to EPM or EPDM by using a kneading machine such as 
an extruder. 

For example. Japanese Patent Application "Kokoku" No. 35-11,679 discloses a process comprising 
35 grafting maleic anhydride on a rubber, simultaneously crosslinking the rubber and forming ionic crosslin- 
kages by using zinc oxide, etc. 

Also, JP-B-53-19351, JP-A-49-104992 and JP-A-50-67348 disclose processes comprising thermal 
addition of maleic anhydride to a rubber in an extruder and crosslinking the rubber with metallic salts, etc. 
However, all these ionically crossllnked products of maleic anhydride-modified rubber have a drawback 
40 of not being flowable even at high temperatures and hence difficult to process under usual processing 
conditions. 

JP-B-58-445 discloses a process for producing a thermoplastic elastomer which comprises grafting 
maleic anhydride or the like in the presence of a peroxide in an extruder. 

In this process, however, when grafting of a large amount of maleic anhydride to EPM or EPDM is 
45 intended, gel sometimes forms during the processing or the Mooney viscosity (ML14.4 121 *C) of the 
resulting modified product sometimes becomes very high depending on the kneading conditions. Hence, 
this process, when reduced to practice, can only provide a modified product with a relatively low amount 
added of maleic anhydride, so that by this process, no improving effect on physical properties and 
processability of the product is expected. 
50 In particular, it has already been known that in thermoplastic elastomers prepared by using an 
unsaturated dicarboxylic acid anhydride, the acid anhydride moiety is oxidized to carboxylic acid structure 
due to the moisture in the air during storage. Therefore, when they are processed by rolls, they assume a 
gel-like state and increase their Mooney viscosity, resulting in poor roll-processability. 

Previously, the present inventors studied for obtaining an ethylene-a-olefin copolymer rubber modified 
with an unsaturated dicarboxylic acid anhydride which is excellent in processability and storage stability. 
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® Modified polymer rubber and process for preparing the same. 

® A modified polymer rubber is obtained by 

(1) graft-polymerizing at least one grafting mon- 
omer to a shredded rubbery polymer (A) in an 
aqueous suspension at a temperature of 30* - 
130* C to obtain a graft polymer, and 

(2) kneading the graft polymer with at least one 
polymerizable monomer in the presence of a free 
radical Initiator at a temperature of 180*-280*C. 
This process does not cause gel formation and is 
advantageous in manufacturing cost. 

The modified polymer rubber thus obtained is 
excellent in processability and storage stability, and 
highly useful as a compatibilizer for various resins. 
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They also studied on the process for preparing the same by which a larger amount of unsaturated 
dicarboxylic acid anhydride added to the rubber, forming a smaller amount of gel and suppressing an 
extreme increase in Mooney viscosity (MLi +4. 121 * C) as compared with the prior art processes. As a result, 
they found that a modified polymer rubber obtained by kneading an ethylene-a-olefin copolymer rubber 
5 with a free radical initiator, an aromatic vinyl monomer and an unsaturated dicarboxylic acid anhydride, as 
compared with those obtained without using an aromatic vinyl monomer, had a larger amount of unsatu- 
rated dicarboxylic acid anhydride added thereto and the anhydride moiety was oxidized to the carboxylic 
acid structure by moisture in a far less degree. The thus obtained modified rubber has no marked increase 
in Mooney viscosity, so that it shows a good processability. Based on the finding, they applied for a patent 
10 (JP-A-64-45413). However, although this process surely gives a modified copolymer having a high content 
of unsaturated dicarboxylic acid anhydride added thereto and forms little of gel-like substances, it requires 
the use of a starting rubber having a nonconjugated diene content of not higher than 3% by weight. This is 
clearly started in the specification of said application. Thus, when the process of said application is applied 
to EPDM containing more than 3% by weight of nonconjugated diene, a significant formation of gel-like 

75 substance results. Accordingly, an improvement in suppressing the gel formation has been desired. Further, 
according to the process, the amount of the aromatic vinyl monomer in the graft copolymer is limited to 
less than about 5% by weight. This is because in order to increase the grafted amount of the aromatic vinyl 
compound by the process, it is necessary to greatly increase the amount of the monomer used in the 
kneadlng-grafting reaction, but, when a large amount of these monomers, which are liquid or gas under the 

20 reaction conditions, is used, the reaction system assumes the form of liquid or foam, which results in poor 
kneading efficiency and leads to difficulty in reaction control. Therefore, it had to be admitted that according 
to the process, it was difficult from the practical point of view to increase the grafted amount of the aromatic 
vinyl monomer over about 5% by weight 

On the other hand, utterly different processes may be adopted in order to simply increase the amount 

25 of aromatic vinyl monomers grafted. 

For example, another application assigned to the present assignee (JP-B-62-10565) discloses a process 
which comprises grafting styrene, acrylonitrile, etc. to a shredded rubbery polymer in an aqueous 
suspension in a high graft efficiency. This process also has such disadvantages that when the process Is 
applied to the grafting of unsaturated carboxylic acid derivatives etc., the conversion in the graft reaction is 

30 very low and, if a large amount of free-radical initiator is used to promote the graft reaction, gels are formed 
and makes it impossible to process the modified copolymer in practice. 

In recognition of the situation, one of the main objects of the present invention Is, overcoming the 
difficulties of the prior art processes, to provide a modified polymer rubber having an aromatic vinyl 
monomer, or an aromatic vinyl monomer and non-aromatic vinyl monomer, and an unsaturated monocar- 

35 boxylic acid derivative or the like added thereto which rubber has a high content of these monomers added 
thereto, undergoes substantially no increase in Mooney viscosity and hence is excellent in processability 
and storage stability and is highly suitable for use as a compatibilizer for various resins. Another object of 
the present invention is to provide a highly suitable process for preparing said modified polymer rubber 
which accompanies little of gel-like substance formation and Is excellent in economical efficiency and 

40 profitability. 

According to the present invention, there are provided a modified polymer rubber comprising a rubbery 
polymer (A) to which are added 

(I) at least one grafting monomer (E) selected from the group consisting of 
aromatic vinyl monomers (B) and 
45 vinyl monomers (F) consisting of 

at least one aromatic vinyl monomer (B) and at least one non-aromatic vinyl monomer (C) and 
at least one polymerizable monomer (D) selected from the group consisting of 
unsaturated dicarboxylic acid anhydrides and the derivatives thereof, 
unsaturated monocarboxylic acid esters and the derivatives thereof, 
50 unsaturated carboxylic acid amides and the derivatives thereof, and 
unsaturated carboxylic acid ethers and the derivatives thereof, 
the weight ratio of (A) to (E) being from 100:4 to 100:90 and the weight ratio of (A):(D) being from 100:0.1 to 
1 00:5; and 

a process for preparing a modified polymer rubber comprising the steps of: 
55 (1) graft-polymerizing to a shredded rubbery polymer (A) in an aqueous suspension at a temperature of 
30* - 130' C at least one grafting monomer (E) selected from the group consisting of 
aromatic vinyl monomers (B) and 
vinyl monomers (F) consisting of 
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at least one aromatic vinyl monomer (B) and 

at least one non-aromatic vinyl monomer (C) to obtain a graft polymer, and 

(2) kneading the graft polymer with at least one polymerizable monomer (D) selected from the group 
consisting of unsaturated dicarboxyllc acid anhydrides and the derivatives thereof, unsaturated monocar- 
boxyiic acid esters and the derivatives thereof, unsaturated carboxylic acid amides and the derivatives 
thereof and unsaturated carboxylic acid ethers and the derivatives thereof, in the presence of a free- 
radical initiator at a temperature of 180 ' -280* C, to obtain the modified polymer rubber. 
Specific examples of the rubbery polymers (A) usable In the present invention are rubbers such as 
ethylene-«-o!efin copolymer rubber, ethylene-a-olefm-non-conjugated diene copolymer rubber, styrene- 
butadiene copolymer rubber, polybutadiene rubber, polyisoprene rubber, natural rubber, acrylonitnle- 
butadiene copolymer rubber, ethyiene-vinyl acetate copolymer rubber, acrylic rubber, and ethylene-acrylic 
ester copolymer rubber. 

Of these, preferable are ethylene-a-olefin copolymer rubber and ethylene-a-olefin-nonconjugated dtene 
copolymer rubber because they form less amount of gel in the step (2) described later and give a higher 
graft efficiency (namely, the proportion of the monomers actually added to the rubber in the fed monomers) 
in the step (1) and the step (2). 

Specific examples of the ethyIene-«-olefin copolymer rubbers are copolymer rubbers of ethylene and 
another a-olefln. e.g. propylene, 1-butene. 1-pentene. 1-hexene, 4-methyM-pentene, 1-octene etc.. and 
terpolymer rubbers such as ethylene-propylene-1-butene terpolymer rubber, etc. Of these, preferable are 
ethylene-propylene copolymer rubber and ethylene-l-butene copolymer rubber. 

Preferred examples of the nonconjugated diene in the ethylene-or-olefin-nonconjugated diene copolymer 
rubber include 5-ethylidene-2-norbornene, dicyclopentadiene. 1 .4-hexadiene, etc. From the viewpoint of 
preventing gel formation, the content of the nonconjugated diene in the rubbery polymer (A) is preferably 
not more than 24% by weight Further, the ethylene content in the rubbery polymer (A) is preferably 15- 
85% by weight, more preferably 40-80% by weight, and most preferably 50-70% by weight. Highly 
crystalline copolymers with an ethylene content of more than 85% by weight tend to be difficult to process 
under usual conditions of rubber processing, whereas those with an ethylene content of less than 15% by 
weight have an increased glass transition point (Tg) and are sometimes poor in rubbery properties. 

The number average molecular weight of the rubbery polymer (A) is preferably in a range which 
permits the kneading of the polymer in an extruder, in which the reaction of the step (2) is to be performed. 
It is usually 10,000-100.000. preferably 40.000-60.000. When the molecular weight is lower than 10,000. the 
polymer tends to be difficult to handle in feeding to the extruder, whereas when it is higher than 100.000. 
the polymer sometimes has a low flowability and tends to be difficult to process. Thus, by appropnately 
selecting the molecular weight, a modified polymer rubber of a good processability can be obtained whose 
Mooney viscosity (MLi ^4 121 ' 0) falls in the range of 5-120. ^ ^ 

Although the Mooney viscosity (MLi*. 121*0) of the modified copolymer rubber obtained by the 
process of the present invention usually falls in the range of 5-120. it can be made to fall in the range of 20- 
100 by selecting starting materials and preparation conditions. This is because when the copolymer rubber 
is used for blending into a rubber, the copolymer rubber has preferably a Mooney viscosity. MLi +4 121 C. 
of 10-75 and more preferably, has a Mooney viscosity. MLi .4 121*0. of 25-70. On the other hand, when 
the copolymer rubber is used as an impact resistance improving agent for general purpose plastics, 
engineering plastics, etc.. the copolymer rubber preferably has a Mooney viscosity, MLi +4 121 C, of 5-120. 
more preferably, it has a Mooney viscosity of 20-100. 

When MLi*4 121 * 0 is less than 5. the copolymer rubber gives a poor strength when blended wrth a 
rubber or a resin, whereas when it is more than 120, the resulting blend is poor in processability. 

The aromatic vinyl monomer (B) used in the present invention is preferably styrene, but may also be 0- 
methylstyrene, p-methylstyrene, m-methylstyrene. a-methylstyrene or the like. They may be used also as a 

mixture thereof. - . ^ ^ ... 

In the step (1) of the present invention, a non-aromatic vinyl monomer (0) may be used together with 
the aromatic vinyl monomer (B). Specific examples of such non-aromatic vinyl monomer (0) are unsaturated 
nitriles such as acrylonitrile and methacrylonitrile; unsaturated fatty acids such as acrylic acid and 
methacrylic acid; alkyi esters of acrylic or methacrylic acid such as methyl acrylate and methyl 
methacrylate- vinyl chloride, etc., used each alone or in admixture of two or more thereof. Particularly, 
acrylonitrile and methyl acrylate are preferably used from the viewpoint of reactivity in copolymenzation with 
the aromatic vinyl monomer (B). ^ ^ 

The amount of aromatic vinyl monomer (B) added, or aromatic vinyl monomer (B) and non-aromatic 
vinyl monomer (C) added, to the modified polymer rubber is 4-90 parts by weight per 100 parts by weight 
of the rubbery polymer (A), When it is less than 4% by weight, the polymer rubber is poor in 
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compatibilizing capability for use as a compatibilizer for various resins, whereas when it exceeds 90 parts 
by weight, the resulting polymer rubber does not exhibit rubbery properties but show resin-like properties 
and. when used as a compatibilizer for various resins, may give a resin mixture of deteriorated properties. 
The polymerizable monomer (D) used in the step (2) of the process of the present invention described 

6 later is selected from the group consisting of unsaturated dicarboxylic acid anhydrides, unsaturated 
monocarboxylic acid esters, unsaturated carboxylic acid amides, unsaturated ethers, and the derivatives 
thereof. Specific examples of the monomers included in the group are maleic anhydride, fumaric anhydride, 
citraconic anhydride, chloromaleic anhydride, maleimide, N-aromatic maleimide, N-aliphatic maleimide, 
acrylamide, methacrylamide, N-methylolacrylamide, itaconic anhydride, methyl acrylate, ethyl acrylate, butyl 

70 acrylate, methyl methacrylate, ethyl methacrylate. butyl methacrylate, maleic hydrazide. reaction products 
of maleic anhydride with diamines, himic anhydride (bicycio [2,2,1 ]hepta-5-en-2,3-dicarboxylic acid anhy- 
dride), dimethylaminopropylacrylamide. 7-amino-3,7-dimethyloctyl acrylate, methyl 2-cyanoacrylate. 
tetrahydrofulfuryl acrylate, glycidyl acrylate, glycidyl methacrylate, allyl glycidyl ether, himic anhydride 
chloride, etc. Further, citric acid, which is a saturated carboxylic acid and is generally not included in 

75 unsaturated carboxylic acids, is. in the reaction of the step (2) of the present invention, converted into 
itaconic anhydride as the result of dehydration and decarboxylation caused by heating during the reaction, 
and hence can be used as a sort of unsaturated carboxylic acid derivatives in the present invention. 

Of those, preferable are maleic anhydride, methacrylamide. N-methylolacrylamide, and allyl glycidyl 
ether. In particular, maleic anhydride, which has a high reactivity, is more preferably used. 

20 The amount of the polymerizable monomer (D) added to the modified polymer rubber of the present 
invention is preferably 0.1-5 parts by weight per 100 parts by weight of the rubbery polymer (A). When the 
amount is toss than 0.1 part by weight, the resulting polymer rubber tend to be unsatisfactory in 
compatit>ihring capability for use as a compatibilizer for various resins, whereas vsrhen It exceeds 5 parts by 
weight, tne rabtw tend to be unsatisfactory from the viewpoint of processability. 

25 Novif. tr<? process lor preparation according to the present invention will be described below. 
The process cf th© present invention comprises the step (1) and the step (2). 

The step (1) is a step of graft - polymerizing to a shredded rubbery polymer (A) In an aqueous 
suspension at a temperature of 30*-130*C at least one grafting monomer (E) selected from the group 
consistjr^ o* aromatic vinyl monomers (B) and vinyl monomers (F) consisting of at least one aromatic vinyl 

30 moncmer (B) and at least one non-aromatic vinyl monomer (C). The rubbery polymer (A) of the starting 
material is shredded with a cutter, grinding machine or such and then fed to a reactor. The granule size of 
the shrarkyxl rubtwy polymer (A) is not particularly limited, but is preferably not more than about 3 mm 
from the viewpoint of enhancing the contact efficiency with the monomers to be added and preferably not 
less than atx»ut 1 mm from the viewpoint of easiness of recovery operations after the reaction. The 

35 proportion of the grafting monomer (E) to the rubery polymer (A) used varies according to the kinds of the 
monomers used and the properties required for the objective modified polymer rubber. In general, the total 
amount of the grafting monomer (B) is 1-900 parts by weight relative to 100 parts by weight of the rubbery 
polymer (A). Particularly when ethylene-o-olefin copolymer rubber or ethylene-a-olefin-nonconjugated diene 
copolymer rubber is used with the grafting monomer (E), the total amount of the grafting monomer (E) is 

40 preferably in the range of 5-100 parts by weight per 100 parts by weight of the rubbery polymer. When the 
amount of the grafting monomers (E) used is less than 5 parts by weight, the amount of the grafting 
monomer (E) added to the rubbery polymer (A) decreases, which result in the reduction of the modification 
effect, that is. the reduction of the compatibilizing capability of the modified polymer in use as a 
compatibilizer lor various resins, aimed at by the present invention. When the amount exceeds 1 00 parts by 

45 weight, there may be caused such undesirable results that in the reaction of the step (1), the rubbery 
polymer granules are swollen by the monomers, increase their tackiness to stick to one another and making 
their handling difficult, or the homopolymer of the aromatic vinyl monomer (B) is produced in a remarkably 
large yield. lowers the graft efficiency and results in the deterioration of the capability as a compatibilizer. 
Thus, it is preferable to perform grafting in the range of amount of the grafting monomer (E) used of 5- 

50 100 parts by weight, since the final product thus obtained shows rubbery properties and at the same time 
exhibits a high compatibilizing capability. 

The amount of water used In the step (1) of the present invention is not particularly limited so long as it 
is sufficient for maintaining the rubber granules in a state of stable aqueous suspension. In general, It is 
suitably 50-1.000 parts by weight relative to 100 parts by weight of the total amount of the rubbery polymer 

55 (A) and the grafting monomer (E). 

Various emulsifiers and dispersants may be used to suspend the shredded polymer granules stably in 
an aqueous medium and enhance the absorption efficiency for monomers. For this purpose, there may be 
used polyvinyl alcohol, alkylcellulose. hydroxyalkylcellulose, polyoxyethylene-polyoxypropylene block 

5 
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The catalyst used includes, for example organic pe^^^^^^^ J compounds such as 

t-butyl peroxypivalate. t-butyl hydroperoxide and ^l^.^^' .J^^^gt^n catalyst may be added as a 
LoJsisobutyronitrile and --''-^'-^^y't'Td no thl polSri^^^^^^^^ whole amount thereof 
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n,ay be added before the initiation of P^^^T^ZZ in S^ons during polymerization, 
the initiation of polymerization and the remamderdjded.^^^^^^^ ^ ^^^p 3 g,an 

An advantage of the process of the present '"^^"f" J^^^^^^^ (E) and. by using the graft 
copolymer is obtained with a high haling a high content of the 

copolymer in the reaction of the step <^f'/."^^'^^'';^^^^ 

poU-able monomer (D). e^g. ^^^^^'''^'^^^X^X^-rs^^'^ and recovered from the aqueous 
The graft copolymer obtained .n the step J^) J'^^^ J^^^ ^ ^^t^r adhereing to the graft copolymer 
medium by such means as Recantation or filtra^on and then the dehydration or hot-a.r 
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acid anhydrides, unsaturated "^--^^^^^'^^J^^^.Tet^^^^ initiator at a temperature of 180 - 
30 ethers, and the derivatives thereof, .n the presence of a 

280* C. to obtain a modified polymer rubber. . ^^ich an aromatic vinyl monomer 

Thus, in the step (2). the 9^^« "^^P^'v^/ monomer (D). such as an 
etc. have been grafted is used ^ j;^'']'^']^ nTco^^er I carried out under specified kneadmg 
unsaturated dicarboxylic acid anhydride, to the graft copolymer 

conditions. nreferablv 0.3-10 parts by weight per 100 parts 

The amount of the polymerizable ^onor^erJP) '^^l^'^^'l^f^^ o.3 part, the high graft efficiency 
by weight of the rubery polymer (A). When the arnount jssjhan p 
intended in the present invention ^'f^^'^'^^^ ^"^'^^L^'^^^^^^ 

Krd^n" of L ..... .... mdus^any 

^'^^Srtre^-dsofthepolymerizablem^^^^^^^^^^^ 

above, a radical-polymerizable monomer oJ^er than *e po^mer ^^^^ ,adical-polymerizaWe 

together with the polymerizable monomer ^^^^^^^^^^'^^^^^^^^^ unsaturated carboxylic acids 

mmomers are unsaturated ""^les (e.g acrylonitnl^^^^^^ ^^^^^^.^ ^^.^^ They can be 

st^s^^rars^^ 

"iny^^rtS =^r^^ ~ - 

specific examples of the or^^^^o percn6e^^^^^^ 

cyclohexane. 1 ^'P^^^^y^^'^t! '^^^^^ and t-butylcumyl peroxide. Of these, pre- 

c..a"-bis(t-butylperoxy-m-isompropyl)benzene di+^^^^^^ 

ferred are a.a'-bis(t-butylperoxy-m-isopropyl)benzene. 1 .1 bis^. outy w 

dimethyl-2.5-di{t-butylperoxy)hexarie etc ^ ^^5.^ 0 by weight, preferably 
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depending on the type of free radical initiator and the kneading conditions. When the amount used is less 
than 0.005 part by weight, the polynnerizable nnononner (D) sometimes cannot be added in a desirable 
amount, whereas when it exceeds 1 .0 part by weight, gel are formed. 

In the step (2) of the process of the present invention, the respective components described above are 
5 kneaded at a temperature of 180* -280* C, preferably 200 * -260 'C, to obtain the modified copolymer 
rubber. 

When too much oxygen Is present In the kneading, it may cause the formation of gel or heavy 
discoloration. Therefore, the kneading is desirably performed substantially in the absence of oxygen. 

When the kneading temperature is below 180* C, the amount of polymerizable monomer added tends 
10 to be smaller than intended, i.e. the effect of enhancing the amount of the polymerizable monomer added 
by graft reaction is small. When the temperature exceeds 280* C, the effect of enhancing the amount of the 
polymerizable monomer added by graft reaction tends to be small, either, and, there are sometimes 
caused, disadvantageously, gel and discoloration. 

The kneading machine used in the step (2) is not particularly limited. Generally, an extruder Is 
16 preferably used because it enables continuous production. Preferably, the extruder has a single or twin 
screw suitable for uniformly mixing various starting materials fed thereinto. 

The retention time in the extruder may vary depending on the kneading temperature and the kinds of 
free radical initiator, but it is usually about 0.2-10 minutes. 

In feeding the respective components described above to the kneader. It is possible to feed them each 
20 separately. It Is also possible to uniformly mix a part or whole of the components and feed the mixture. An 
adoptable method comprises, for example, incorporating the rubber component with the free radical initiator 
to obtain a mixture, feeding the polymerizable monomer (D) with the mixture into a knedder simultaneously, 
and kneading the components fed. Another usable method comprises feeding the free radical initiator and/or 
the polymerizable monomer (D) from a certain opening in the midway of the extruder in order to effect the 
26 modification reaction. It is also possible to add, into the reactor of the step (1) or into the extruder of the 
step (2) through the inlet, as occasion demands, plastics such as polyethylene, nylon, polyester. ABS and 
polyphenylene ether, and elastomers such as styrene-butadiene block copolymer, styrene-isoprene block 
copolymer, and the hydrogenation products thereof, whereby comodlfication of two or more kinds of 
polymers can be effected. 

30 To remove unreacted polymerizable monomer (D) etc. from the reaction product of the step <2), suction 
may be applied in the midway of or near the outlet of the extruder through a vent line by means of a 
vacuum pump. Alternatively, the reaction product can be purified by dissolving it in a suitable solvent and 
precipitating it from the solution. 

The modified copolymer rubber of the present invention is obtained by adding an aromatic vinyl 

35 monomer (B). or an aromatic vinyl monomer (B) and a non-aromatic vinyl monomer (C), and a poly- 
merizable monomer (D) such as an unsaturated carboxylic acid derivative to a rubbery polymer (A). When . 
an unsaturated dicarboxylic acid anhydride is selected as the polymerizable monomer (D) and an aromatic 
vinyl monomer (B) is used with the polymerizable monomer (D) in the step (2), the resulting modified 
copolymer rubber is always excellent in processability since unsaturated dicarboxylic acid anhydrides are 

40 difficultly changed into the corresponding carboxylic acid by moisture in the air. 

According to the process of the present invention, due to the use of an aromatic vinyl monomer (B) in 
grafting reaction of the step (1), it becomes possible to prevent gel formation in the addition reaction of a 
polymerizable monomer (D) of the step (2). Moreover, the intended extent of addition can be attained by 
using a relatively small amount of polymerizable monomer (D) and hence there is no need for removing a 

45 large amount of unreacted polymerizable monomer (D). Thus, the process is very economically advanta- 
geous and efficient. 

One of the most outstanding features of the process of the present invention resides on the combination 
of two steps specified above. 

Only by the process can be prepared a modified polymer rubber having an excellent processability 
50 which has a high content of an aromatic vinyl monomer (B), or an aromatic vinyl monomer (B) and non- 
aromatic vinyl monomer (C), and a polymerizable monomer (D) such as an unsaturated carboxylic acid 
derivative added thereto without gel formation during the process. Prior to the present invention, no process 
for producing a modified copolymer having a high content of grafted monomer without gel formation has 
been known. The present inventors are the first to find that a specific combination of the steps described 
55 above can provide such a modified copolymer having desirable properties. 

The reason why the process gives such an excellent result has not yet been definitely clear at present, 
but it may be assumed that the graft copolymer obtained by the reaction of the step (1) exerts a sort of 
lubricant-like action in the extruder to prevent excessive shear and resultant heat generation. Such 
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assumption, however, is not to be construed as limiting the scope of the present invention. 

The modified polymer rubber of the present invention may be used not only as a thermopastc 
elastomer as such, but also as a blending material. That is. it may be incorporated in a suitable aniount into 
general purpose plastics, such as polypropylene, polyethylene, polystyrene. ABS and PVC, or engineenng 
plastics, such as nylon, polyacetal. polycarbonate, modified or unmodified polyphenylene ether, polyetfiy^ 
ene terephthalate and polybutyrene terephthalate. to improve their adhesiveness, impact resistance. 

''^'"FSeTthe modified polymer rubber may be incorporated into rubbers, such as EPM. EPDM. styrene- 
butadiene rubber and butadiene rubber, to improve their adhesiveness, vulcanizability. processab^.ty. 
mechanical properties, etc. Particulariy, when it is blended with a material having hydroxyl groups, ammo 
qroups or epoxy groups in the molecule, an enhanced improvement in properties can be achievea. 

The modified polymer rubber may be used also for primers in coating, adhesive agents and adhesive 

*^^^The present invention v^ill be described in detail below with reference to Examples, but it is in no way 

limited thereto. . . . 

The amount of styrene added to the graft copolymer obtained in the step (1) was determined from the 
intensity of the peak corresponding to a substituted benzene ring which appeared in the infrared absorption 
spectrum. The amount of maleic anhydride added to the modified copolymer rubber obtained in the step (2) 
was dctcrr^ncd by dissolving the extrudate sample in a small amount of toluene. P'^^^'P' f "9 J' „ 
anhydrous acetone, dissolving the sample thus purified again in toluene, and titrating the resulting solution 
with a KOH othanol solution at an elevated temperature (85* C) using phenolphthalein as an '"dicator^ 

The amount of styrcno added, when styrene was used as the polymerizable monomer (C) of the step 
(2). was dotocm.nod trom the intensity of the peak corresponding to a substituted benzene ring which 
appoaroc «i th» infrared absorption spectrum of the sample purified as described above. 

The arrou-tt Of gel lomied was expressed by percent by weight of warm tetrahydrofuran (60 C)- 

'"^^iS^Llconey v.sco«ty was determined in terms of ML,** 121 * C according to JIS K6300 using an L- 
rotor at 121* C 

Example 1 

In a sta.ntess steel autoclave equipped with a stirrer were charged 100 parts by weight of a 
commercially available ethylen^a-olefin-nonconjugated diene copolymer rubber (nonconjugated diene: 5- 
ethylidene-3.oort«mene) having an ethylene unit content of 56% by weight, iodine value of l^jnd ML,*. 
I2rc cf 61 (shredded) as an ethylene-a-olefin-nonconjugated diene copolymer 
weight ol pure water, 4.0 parts by weight of calcium tertiary phosphate and 4.0 parts by weight of Phironic* 
F-^ (a registered trade name. mfd. by Asahi Denka Kogyo K.K.). Then, the inner atmosphere was 
thoroughly replaced with nitrogen while the charged materials were being stirred. 

Then 20 parts by weight of styrene monomer and 1.0 part by weight of Sanperox® TO (a registered 
trade name. mfg. by Sanken Kako Inc.) as a free radical initiator were added thereto. The resu tmg mi>dure 
was brought up to 110* C over a period of 80 minutes, and then the reaction was continued for 1 hour. Atte 
cooling, the styrene-graft copolymer mbber was collected by filtration, washed thoroughly Pure wat^ 
and then dried under vacuum. The analysis of the graft copolymer obtained in the step ( ) revealed that the 
amount of grafted polystyrene was 16 parts by weight and the amount of non-grafted po^stv^fe ex^ac ed 
was 3.6 parts by weight, per 20 parts by weight of the added styrene monomer, and the calculated graft 

^^'""^"en. me S^tion of the step (2) was carried out by mixing 100 parts by weight of the s^'rene-graft 
copolymer rubber obtained above with 0.08 part by weight of ' 

thyicyclohexane on a mixing roll, and then kneading the mixture with 5 parts by weight of "^^'^'c anhydnde 

in a Ln-screw extruder set at 250' C. The analysis of the modified copolymer rubber obtained showed that 

the amount of maleic anhydride in the resulting modified copolymer rubber was 3.2% by ^I'.^'S^t 

by weight based on the original EPDM). the amount of maleic anhydride added to the modified copolymer 

rubber was 2.1% by weight (2.5 parts by weight based on the original EPDM). f 

66%.. Further, the modified copolymer was dissolved in tetrahydrofuran at 60 C and filtered through a 120- 

mesh SUS screen. Resultantly. the amount of gel-like insolubles collected by filtration showed a value of 

0.23% in the modified polymer rubber. The value was considered to be satisfactonly low. 

Examples 2 to 5 and Comparative Examples 1 to 5 
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The same procedures as in Example 1 were repeated except for altering the kinds of the rubbery 
polymer as the starting material, the amount of aromatic vinyl monomer, or the reaction conditions of the 
step (1) or step (2). 

The results thus obtained are shown in Table 1 with the results of Example 1 . 

6 

Examples 6 to 8 

The same procedures as in Example 1 were repeated except for using the compounds shown in Table 
2 In place of maleic anhydride used in the reaction of step (2) in Example 1 . 
10 The results of analysis of the modified polymer rubber are also shown In Table 2. 
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As described above, according to the present invention, there is provided a modified polymer rubber 
having an aromatic vinyl monomer, or alternatively an aromatic vinyl monomer and non-aromatic vinyl 
monomer, and an unsaturated monocarboxylic acid derivative or the like added to the rubber. The rubber 
has a high content of said monomers, undergoes substantially no increase in Mooney viscosity and hence 
is excellent in processability and storage stability. It is highly suitable for use as a compatibilizer for various 
resins. According to the present invention, there is also provided a suitable process for preparing said 
modified polymer rubber which causes no gel formation during the process and is excellent in economical 
efficiency and profittabillty. 

Claims 

1. A modified polymer rubber comprising a rubbery polymer (A) to which are added' 

(I) at least one grafting monomer (E) selected from the group consisting of 
aromatic vinyl monomers (B) and 

vinyl monomers (F) consisting of at least one aromatic vinyl monomer (B) and at least one non- 
aromatic vinyl monomer (C) and 

(II) at least one polymerizable monomer (D) selected from the group consisting of 
unsaturated dicarboxylic acid anhydrides and the derivatives thereof, 
unsaturated monocarboxylic acid esters and the derivatives thereof, 
unsaturated carboxylic acid amides and the derivatives thereof, and 
unsaturated carboxylic acid ethers and the derivatives thereof, 

the weight ratio of (A) to (E) being from 100:4 to 100:90 and the weight ratio of (A):(D) being from 
100:0.1 to 100:5. 

2. The modified polymer rubber of claim 1, wherein the rubbery polymer (A) is at least one member 
selected from the group consisting of 

an ethylene-cr-olefin copolymer rubber having a number average molecular weight of 10,000-100,000 

and an ethylene unit content of 15-85% by weight, and 

an ethyiene-o-olefin-nonconjugated diene copolymer rubber having a number average molecular weight 
of 10,000-100,000. an ethylene unit content of 15-85% by weight and a nonconjugated diene unit 
content of not more than 24% by weight 

a The modified polymer rubber of claim 1 , wherein the grafting monomer (E) is at least one aromatic 
vinyl monomer (B). 

4. The modified polymer rubber of claim 3, wherein the aromatic vinyl monomer (B) is at least one 
member selected from the group consisting of styrene, o-methylstyrene, m-methylstyrene, p-methyl- 
styrene and a-methylstyrene. 

5. The modified polymer rubber of claim 4, wherein the aromatic vinyl monomer (B) Is styrene. 

6. The modified polymer rubber of claim 1, wherein the grafting monomer (E) is a vinyl monomer (F) 
consisting of at least one aromatic vinyl monomer (B) and at least one non-aromatic vinyl monomer (C). 

7. The modified polymer rubber of claim 6. wherein the aromatic vinyl monomer (B) is at least one 
member selected from the group consisting of styrene. o-methy!styrene, m-methylstyrene, p-methyl- 
styrene and a-methylstyrene. 

a The modified polymer rubber of claim 7, wherein the aromatic vinyl monomer (B) is styrene. 

9- The modified polymer rubber of claim 6, wherein the non-aromatic vinyl monomer (C) is at least one 
member selected from the group consisting of acrylonitriie. metharylonitrile, acrylic acid, acrylic acid 
alkyl esters, methacrylic acid, methacrylic acid alkyl esters and vinyl chloride. 

10. The modified polymer rubber of claim 9. wherein the non-aromatic vinyl monomer (C) is acrylonitriie. 

11. The modified polymer rubber of claim 1, wherein the polymerizable monomer (D) is at least one 
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member selected from the group cor^sisting of rnaleic anhydride, allyl glycidyl ether, acrylamide and N- 
methylolacryamide. 

12. The modiW polymer ,ubb=, o( cWn, 11, whe™in the po^n,etoMe monome, (0) fs maleie anh,«e. 

Jl on, grahing ™,«»her (E) salocted hm Ihe oraup o«»,«,h9 of 

^^'eST'-^^ro. =. <.~ -™.c .,n„ mohome, p, a, «a=. one noh- 

aromatic vinyl monomer (C) 

l^re^dtlirj^c^roU. . ,0,^, <^ po.ymertz.b„ ^o«^ (C, se,ec« «n, « 

qroup consisting of . 
unsaturated dicarboxylic acid anhydrides and the derivatives thereof, 
unsaturated monocarboxylic acid esters and the derivatives thereof 
unsaturated carboxylic acid amides and the derivatives thereof, and 
unsaturated carboxylic acid ethers and the derivatives thereof, 
in the presence of a free radical initiator at a temperature of 180 -280 C. 

14 The process of claim 13. wherein the step (1) includes the step of selecting as the rubbery polymer (A) 

■ ctotrrerSoT^^^^^^^^ — .ei^ht of 10.000-100.000 

and an ethylene unit content of 15-85% by ;;^^^ ^ average molecular weight 

an ethylene-a-olefm-nonconjugated f "^^^^'Jfl 1"^^^^^^^^ a nonconjugated diene unit 

of 10.000-100.000. an ethylene unit content of 15-85^ oy weigm ^nu 
content of not more than 24% by weight 
15. The process of claim 13. wherein the step (1) includes the step of selecting an aromatic vinyl monomer 
30 (B) as the grafting monomer (E). 

a-methylstyrene as the aromatic vinyl monomer (B). 
17. The process of claim 13. wherein the step (1) includes the step of selecting styrene as the aromatic 
vinyl monomer (B). 

as the grafting monomers (E). 

a-methylstyrene as the aromatic vinyl monomer (B). 
20. The process of claim 19. wherein the step (1) includes the step of selecting styrene as the aromatic 
vinyl monomer (B). 

monomer (C). 

55 22. The process of claim 21. wherein the step (1) includes the step of selecting acrylonitriie as the non- 
aromatic vinyl monomer (C). 
23. The process of claim 13. wherein tine step (1) includes the step of selecting at least one member 
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selected from the group consisting of maleic anhydride, allyl glycidyl ether, acrylamide and N- 
methylolacrylamide as the polymerizable monomer (D). 

24, The process of claim 23, wherein the step (1) includes the step of selecting maleic anhydride as the 
s polymerizable monomer (D). 

25. The process of claim 13, wherein the step (1) includes the step of selecting a weight ratio of the 
rubbery polymer (A) to the grafting monomer (E) within the range of from 100:5 to 100:100. 

70 26. The process of claim 13, wherein the step (2) includes the step of selecting a weight ratio of the 
rubbery polymer (A) to the polymerizable monomer (D) within the range of from 100:0.3 to 100:10. 
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